Uremic and non-uremic complications in acute renal failure: Evaluation of early and frequent dialysis on prognosis  by Kleinknecht, Dieter et al.
Kidney International, Vol. 1 (1972), p. 190—196
Uremic and non-uremic complications in acute renal failure:
Evaluation of early and frequent dialysis on prognosis
DIETER KLEINKNECHT, PAUL JUNGERS, JACQUES CHANARD,
CLAUDE BARBANEL and DOMINIQUE GANEVAL
Clinique Néphrologique, Hópital Necker, Paris, France
Uremic and non-uremic complications in acute renal failure.' Many reports during the last decade [1—9] have
Evaluation of early and frequent dialysis on prognosis. Five attested to the fact that the mortality rate remainshundred patients were treated for acute renal failure between
1966 and 1970; 279 patients (Group 1) were treated before and high in acute renal failure of surgical and traumatic
221 patients (Group II) were treated after the systematic insti- origin despite the frequent use of hemodialysis. Never-
tution of prophylactic hemodialysis. Significant improvement theless, as Teschan et at [10—12] and others [13—20]
was not observed in patients with severe pre-existing diseases or
extensive extrarenal lesions (41 patients); such patients usually have suggested, it is likely that mortality can be reduced
died from non-uremic complications before or during dialysis, substantially by early and frequent dialysis. Thusfar,
Hemodialysis was required in 320 patients. Overall mortality was however, very few observations on the possible bene-
reduced by prophylactic hemodialysis from 42% (Group I) to
29% (Group II), and it was significantly lower in all patient fits of prophylactic hemodialysis have been described
categories: post-surgical (from 54 to 38%), post-trauma (from in large groups of patients, and this approach to the
55 to 33%). The frequency of uremic symptoms, and mortality
related thereto, was substantially lowered. Deaths due to gastro- management of acute renal failure has even been felt
intestinal hemorrhage decreased from 14 to 5% and those due to be of doubtful benefit [21]. For this reason, the
to septicemia fell from 24 to 12%. Adequate nutritional care and influence of prophylactic hemodialysis on mortality
better prophylaxis of sepsis contributed to the improvement in and the appearance of uremic and non-uremic com-
mortality. plications was analyzed in 500 patients with acute
Complications urémiques et non urémiques dans l'insuffisance renal failure admitted to the Necker Hospital during
rena/c aigue: Influence des dialyses frequentes et répétées sur le
pronostic. 500 malades atteints d'insuffisance rénale aigue ont the past four and one-half years.
été hospitalisés entre 1966 et 1970, dont 279 ont été traités avant
(Groupe I) et 221 après l'institution systématique d'hemodialyses
prophylactiques (Groupe II). Le pronostic n'a pas été modifié Methods
chez les malades ayant une affection sévère pré-existante ou des Five hundred patients with acute renal failure,lesions extra-rénales étendues (41 cas); ces sujets sont décédés
de complications non urémiques avant toute dialyse ou malgré 227 males and 237 females, ranging in age from 7 to
celle-ci. Des hemodialyses ont été nécessaires dans 320 cas. La 81 years (average age: 46 years), were admitted between
mortalité d'ensemble a été réduite de 42% (Groupe I) a 29%
(Groupe II); Ia mortalité s'est abaissée significativement dans January 1, 1966 and July I, 1970. Two hundred and
toutes les categories de malades, y compris les insuffisances seventy-nine patients (Group I) were treated prior to the
rénales chirurgicales (54 a 38%) et post-traumatiques (55 a 33%) institution of prophylactic hemodialysis; 221 patientsLa fréquence et Ia mortalité dues aux complications urémiques
a été franchement diminuée. Les décès provoques par une (Group II) were treated thereafter. The diagnosis of
hemorragie digestive se sont abaissés de 14 a 5% et ceux en acute renal failure was based on the history and physi-
rapport avec une septicCmie de 24 a 12%. Un apport nutritionnel cal examination and the subsequent clinical outcome.
suffisant et une meilleure prophylaxie des états septicémiques ont
été des éléments importants dans l'amélioration genérale du Oliguric patients with known pre-existing chronic
pronostic. renal failure were excluded.
The etiologies or predisposing causes of acute renal
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obstetrical (142 patients) and medical origins (128 pa-
tients). The percentage distribution of these etiologic
categories was similar in Groups I and II.
Table 1. Etiology of acute renal failure (500 patients)
N
Group I
deaths
Gr
N
oup II
deaths
Post-Surgical
abdominal 29 19
urologic 18 25
hepatobiliary 16 11
cardiovascular or 10 10
pulmonary
pelvic 8 3
pancreatic 6 4
orthopedic 3 6
others 12 8
Sub-total 102 50% 86 44%
Post- Traumatic
Sub-total 25 52% 17 41 %
Obstetricala
postabortionb 68 44
postpartum 17 13
Sub-total 85 15% 57 7%
Medical
nephrotoxic 22 18
leptospirosis 7 2
malignant hemo- 6 5
pathyc
- transfusion accidents 6 3
septicemia 5 12
hypotension without 4 5
septicemia
electrolyte depletion 4 8
hemolytic-uremic 4 2
syndrome
others 9 6
Sub-total 67 46% 61 26%
Total 279 39% 221 29%
Including 6 patients in Group I and 5 patients in Group 11
with renal cortical necrosis.
b Septic abortion.
Including acute leukemia (6 patients), chronic leukemia (2 pa-
tients), myeloma (2 patients) and myeloproliferative disorder
(I patient).
The frequency of certain renal clinico-pathological
diagnoses is listed in Table 2. These diagnoses were
often based on the clinical course and outcome; histo-
logical observations were available in only 81 patients,
following renal biopsy in 24 patients and autopsy in
57 patients.
Table 2. Renal clinico-pathological diagnoses
(500 patients)
N
Group I
deaths
%
Gr
N
oup II
deaths
0/
Acute tubular necrosis 218 39 170 29
Prerenal failure 27 22 24 17
Acute interstitial 9 44 7 14
nephropathy
Bilateral cortical necrosis 8 50 7 43
Obstructive nephropathy 4 0 7 43
Hemolytic-uremic 4 100 2 50
syndrome
Medullary necrosis 3 100 1 100
Renal arterial thrombosis 2 50 — —
Renal vein and caval — 2 100
thrombosis
Unknown 4 25 1 100
Total 279 39 221 29
In all, 320 patients were treated by hemodialysis and
26 patients were treated by peritoneal dialysis; 12 pa-
tients underwent both peritoneal dialysis and hemo-
dialysis while 142 patients were never dialyzed.
Hemodialysis was performed with the Kolff Twin-
coil hemodialyzer; a Quinton-Scribner arteriovenous
shunt was used in all but 20 patients. In patients
admitted before July 1, 1968 (Group 1: 279 patients),
hemodialysis was performed only when the blood urea
concentration increased above 350 mg/tOO ml and/or
severe electrolyte disturbances were present. After
July 1, 1968 (Group II: 221 patients) all patients under-
went early and frequent dialysis in order to maintain
the blood urea'concentration below 200 mg/l00 ml;
whenever possible, a caloric and protein intake of
30 cal/kg/day and I g/kg/day, respectively, was insured.
Oral feeding was possible in most patients but gastric
intubation was sometimes necessary. Long-term par-
enteral nutrition was utilized only in patients with
temporary gut exclusion.
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Results
Overall, 173 of the 500 patients died while 327 sur-
vived. Of the latter group, 297 patients were felt to
have recovered fully. The primary causes of death are
shown in Table 3. Septicemia and gastrointestinal
Table 3. Primary causes of death (173 patients)
Cause of death N
Septicemia 50
Gastrointestinal hemorrhage 41
Gastrointestinal hemorrhage plus septicemia 10
Acute respiratory failure 1 1
Cardiac failure or digitalis intoxication 10
Pulmonary artery thrombosis 7
Disseminated intravascular coagulation 7
Intracranial hemorrhage 7
Acute myocardial infarction 6
Intra-abdominal or external hemorrhage 5
Hyperkalemia 4
Cancer 3
Others 12
Total 173
hemorrhage were the most frequent causes, such
events being responsible for death in 101 of the
173 patients who died.
Among the 142 non-dialyzed patients in both Groups I
and II, 41 patients died within the first few days (if not
within the first few hours) after admission and before
hemodialysis could be instituted (Table 4). Such early
deaths appeared to be related to extensive extra-renal
lesions in surgical or traumatic cases, or to the initial
presence of prolonged hemorrhagic or septic shock.
It seems unlikely that the mortality rate could have
been reduced further in these patients by prophylactic
hemodialysis, and it appeared to be equal in both
Groups I and II, 8.2 and 8.1 % respectively, of the
total number of patients in each group (Group I:
279 patients; Group II: 221 patients). In the 101 non-
dialyzed patients who survived for at least eight days,
including 45 patients with prerenal failure, a low and
equal mortality rate was observed in both Groups I
and II (Table 4). Of the dialyzed patients, 38 patients
underwent peritoneal dialysis; similar mortality rates
were observed in both Groups I and II (Table 4) and
such patients were eliminated from further considera-
tion.
Table 4. Mortality in dialyzed and non-dialyzed
patients
Patient groups
N
Group I
deaths
Gr
N
oup 11
deaths
Non-dialyzed patients
deathin8days 23 100 18 100
survival for at least 63 6 38 3a
8 days
Dialyzed patients
peritoneal dialysis 20 40 18 22a
hemodialysis 173 42 147 29'
Total 279 39 221 29b
hp.<005
Hemodialysis was performed in the 320 remaining
patients (Group 1: 173 patients; Group II: 147 pa-
tients). The overall mortality of these dialyzed pa-
tients was lowered considerably from 42 (Group 1)
to 29 % (Group II); thus, prophylactive hemodialysis
appeared to be a major factor in reducing the total
overall mortality from 39 to 29 % in Group I and II,
respectively (Table 4). Moreover, the mortality rate
also appeared to be reduced measurably in surgical
patients (54 to 38 %), traumatic patients (55 to 33 %),
and obstetrical and medical patients (Table 5). Simul-
taneously, the mean blood urea concentration during
the oliguric period and the time interval between two
separate hemodialyses was reduced greatly in Group 11
patients (Table 6).
The most striking clinical feature was the observed
reduction in the frequency of gastrointestinal hemor-
rhage and septicemia in Group II patients (Table 7).
Gastrointestinal hemorrhage occurred during acute
renal failure in 112 of the 500 patients (Group I: 72 pa-
tients; Group II: 40 patients), and it contributed to
death in 46 % of the patients who bleed (29 % of all
deaths), Seventy-four of these 112 patients exhibited
acute renal failure of either surgical or traumatic
origin. Septicemia, acute respiratory failure, or coma
also coexisted in 86% of these 112 patients. Hemor-
rhagic gastrointestinal lesions were found in 46 pa-
tients (18 patients during laparotomy and 28 patients
at autopsy); acute gastric or duodenal ulcers were
present in 27 patients. Of the 18 patients in which
laparotomy was performed hemorrhage was controlled
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Table 5. Effect of hemodialysis on overall mortality and on death by gastrointestinal bleeding
Etiology of
acute renal failure
Group I Group 11
N overall deaths dueN overall deaths due
deaths to GI deaths to Gi
% bleeding % bleeding
% %
Postoperative 69 54 32 62 38b 11
Post-traumatic 18 55 17 12 33d 8
Post-abortion 46 11 0 30 6 0
Postpartum 9 30 0 11 9d 0
Medical 31 55 16 32 37° 3d
Total 173 43 17 147 29b 6°
a P=0.05. b P<0.05. ° P<0.02. d P<o.ooi.
Table 6. Effect of hemodialysis on the blood urea concentration
Table 7. Mortality due to gastrointestinal (Gl) hemor-
rhage and septicemia in Groups I and 11
(500 patients)
Group N Gl hemorrhage Septicemia
N deaths due N deaths due
toGI to
hemorrhage septicemia
I 279 72 55% 157 24°
II 221 40a 27% I l2 l2°
permanently in four patients, but it subsequently re-
curred in 14 patients. It was responsible for death in
each of the latter 14 patients.
In addition, prophylactic hemodialysis seemed to
result in a dramatic improvement in prognosis. Not
only was the frequency of gastrointestinal bleeding
reduced markedly (l8% in Group II vs. 26% jfl
Group I: P<0.02), but the mortality associated with
the same complication was reduced as well (27 vs.
55: P<0.Ol Table 7). In all patients, the mortality
due to gastrointestinal bleeding decreased from 14 to
5 % after the institution of early and frequent dialysis
(P <0.02).
Etiology
of acute
renal failure
Group I Group II
N mean mean intervalN mean mean interval
blood urea between blood urea between
mg/lOO ml dialyses nig/IOO ml dialyses
Surgical 69 260 5° 5.3 0.3 e 62 212 6 b 3.4 0.1 b
Post-traumatic 18 285±11 4.1 12 215± 16b 2.8±0.3a
Post-abortion 46 248± 6 5.2±0.3 30 184± 6' 3.8±0.2b
Postpartum 9 267±13 5.7±0.8 11 l93±l0' 4.3±0.3a
Medical 31 291±17 7 32 207±12b 4.6±0.5a
Total 173 147
a P<0.Ol (Student t test). b P<0.0O1. ° Mean±sEM.
a P> 0.2. ' P< 0.02. ° P< 0.01.
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Improved survival even seemed to occur in hyper-
catabolic patients, some of whom required daily
hemodialysis. For example, in one patient with post-
traumatic acute pancreatitis, anuria, and a gastro-
intestinal fistula, 27 dialyses were required over a
period of 42 days and diuresis was not observed until
the 35th day. Repetitive and frequent hemodialysis
could be conducted in such patients in the absence of
uremic symptoms and in the presence of an almost
normal biological equilibrium.
Septicemia was frequently associated with acute
renal failure. Septicemia was present at the onset of
anuria or oliguria in 170 patients; it developed later
in 121 other patients, most of whom exhibited acute
renal failure of surgical or traumatic origin (119 pa-
tients). Septicemia accounted for one-third of the total
fatalities (59 of 173 patients) and it was often asso-
ciated with gastrointestinal hemorrhage. Even in these
patients, prophylactic hemodialysis seemed to be of
benefit. Although septicemia was just as frequent in
Groups I and II (Table 7), mortality due to septicemia
was much lower in Group II patients (12%) as com-
pared to Group I patients (24%: P<0.02).
Prophylactic hemodialysis did not eliminate fatal-
ities due to such underlying diseases as tumors or
malignant hemopathy. Mortality was reduced greatly
in patients over 50 years of age, falling from 67
(Group I) to 44% (Group II) in surgical and traumatic
patients within that age group (P<0.02), and 57 to
29% in patients whose acute renal failure was of other
etiologies (P<0.0l).
Discussion
Determinants of the immediate prognosis in pa-
tients with acute renal failure can be divided into two
major categories: those that are non-uremic in origin
and therefore unresponsive to hemodialysis, and those
that are related mainly to the uremic state and
therefore greatly influenced by prophylactic hemo-
dialysis.
A large number of early deaths in patients with acute
renal failure are due to extensive and sometimes pre-
existing extrarenal pathology. In this setting, acute
renal insufficiency can be regarded as no more than
a precipitating or contributing factor to death. Hemo-
dialysis does not modify the prognosis of the under-
lying extra-renal disease, and it may be improved only
by the prevention of anuria — especially in surgical
patients [22—28]. Adequate treatment of septic shock,
acute hemolysis, acute respiratory distress and hyper-
kalemia are of paramount importance in the manage-
ment of such patients.
Later, during established anuria, oliguria, or the
early diuretic phase, the prognosis depends mainly on
the prevention and control of uremic symptoms and
complications. In our study, the occurrence of such
symptoms or complications (especially gastrointestinal
hemorrhage) was reduced substantially by prophy-
lactic hemodialysis; this result agrees with that ob-
tained by others [13—20, 29, 30]. Peritoneal dialysis has
been considered equally useful even in hypercatabolic
acute renal failure [31], but in our experience its use
has never yielded dramatic or immediate improve-
ment in such patients; for that reason, we prefer to
avoid its use in surgical patients if at all possible.
Gastrointestinal bleeding is a well known occurrence
in acute renal failure; its frequency has been estimated
between 10 and 40% and a fatal outcome has been
observed in 20 to 30% of patients [1, 3, 32, 33]. When
bleeding is profuse and blood replacement is inade-
quate to maintain normal blood pressure, surgical
intervention may be required as a last resort (after
gastroduodenotomy and careful visual inspection, one
or several acute bleeding ulcers may be discovered
[33]). Despite surgical intervention, the patient's out-
come is still quite problematical since persisting or
recurrent hemorrhage is common and new ulcers are
usually found on repeat operation or at autopsy.
Whatever the pathophysiology of gastrointestinal
hemorrhage in uremia, prophylactic hemodialysis has
dramatically reduced its frequency and severity in our
patients [34], thus minimizing the need for surgery.
Sepsis is still the most frequent cause of death in
acute renal failure. It is a bit more questionable as to
whether the mortality due to sepsis has been reduced
by improved management. It has been observed in
11 to 26% of all patients with acute renal failure and
it has been held responsible for more than one-third
of all deaths [1, 2, 4, 5, 8, 35—38]. Although the fre-
quency of septicemia in our study did not seem to
differ in Groups I and II, its severity and associated
mortality appeared to be definitely lower in patients
who received prophylactic dialysis [39, 40]. These find-
ings are at variance with those described by Lunding,
Steiness, and Thaysen [34]. The lowered mortality rate
due to infection in patients receiving prophylactic
dialysis might possibly be attributed to an increased
resistance to infection due to more effective control
of uremia. However, there is evidence that several
other factors may be of equal importance: a) earlier
recognition of sepsis [20, 37, 41, 42]; b) proper ad-
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ministration of antibiotic therapy and better control
of septic shock; c) prevention of infection by the
application of appropriate aseptic measures to the
care of shunts, indwelling urethral catheters [37, 47,
48], and ill-tolerated intravenous catheters which may
cause unexplained fever [43—48].
Lastly, since better nutritional care can be achieved
during frequent hemodialysis, it is possible that im-
proved nutrition may also contribute importantly to
the observed reduction of mortality. Irrespective of
the exact mechanism(s) which lead to improved sur-
vival, it is clear that early and frequent hemodialysis
seems to offer a very real contribution to the manage-
ment of patients with acute renal failure. Its use should
be encouraged.
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